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Yield of Derivation Tree 


You said: 


© 


Describe yield of the derivation tree of a context free grammar . 


ChatGPT said: 


© 


The yield of a derivation tree in the context of a context-free grammar (CFG) refers to the sequence of 
terminal symbols that you get by reading the leaves of the tree from left to right. 


Understanding Yield with a Derivation Tree: 


1. Context-Free Grammar (CFG): 
o A CFG is defined as a 4-tuple (N, &, P, S), where: 
= N isa finite set of non-terminal symbols. 
= isa finite set of terminal symbols (disjoint from N). 
a Pisa finite set of production rules of the form A — a, where A € N anda € (N U 
S) 

a S € N isthe start symbol. 

2. Derivation Tree: 


o A derivation tree (or parse tree) is a tree that represents the syntactic structure of a string 
according to the grammar. 

o The root of the tree is labeled by the start symbol S. 

o The internal nodes are labeled by non-terminal symbols. 


o The leaves are labeled by terminal symbols or can also be non-terminal symbols if the 
production has not been expanded. 
3. Yield of the Derivation Tree: 


o The yield is the string of terminal symbols formed by concatenating the labels of the leaves 
from left to right. 


o Ifa leaf is labeled by a non-terminal, it does not contribute to the yield. 


Example: 


Consider a simple CFG: 


Non-terminals: N = {S, A} 
Terminals: & = {a, b} 
Start symbol: § 
Production rules: 
o S —> AB 
o A>a 
o B—b 
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Derivation Tree: 


(CBS) 


In this tree: 


e The root S is expanded into A and B. 
e Ais expanded into a, and B into b. 


Yield: 


e The leaves of the tree are a and b, from left to right. 
e Thus, the yield of the tree is the string "ab". 


In summary, the yield of a derivation tree represents the sequence of terminal symbols that can be 
derived from the grammar by reading the leaves of the tree from left to right. This sequence 
corresponds to the string that the grammar generates for that particular derivation. 


You said: 


State whether the following statement is true or false: If M is a multi-tap Turing machine such 
that L(M) = L, then L is recursively enumerable. 


ChatGPT said: 


© 


The statement is true. 


Explanation: 


A multi-tape Turing machine is an extension of the standard single-tape Turing machine where the 
machine has multiple tapes and each tape has its own read/write head. Despite this additional 
complexity, multi-tape Turing machines are equivalent in computational power to single-tape Turing 
machines. In other words, any language that can be recognized by a multi-tape Turing machine can 
also be recognized by a single-tape Turing machine, possibly with more steps. 


e Recursively Enumerable (RE) Languages: A language L is said to be recursively enumerable 
(RE) if there exists a Turing machine that accepts every string in L and halts on those strings. For 
strings not in L, the Turing machine either rejects or loops indefinitely. 
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Given that L(M) = L where M is a multi-tape Turing machine, and since multi-tape Turing machines 


have the same computational power as single-tape Turing machines, the language L must be 
recursively enumerable (RE). This is because there is a Turing machine (in this case, the multi-tape 
Turing machine M) that can recognize L. Therefore, L is RE. 


So, the statement is true: If M is a multi-tape Turing machine such that L( M) = L, then L is 
recursively enumerable. 


You said: 


© 


write RE for sets of binary strings of atleast three characters and the last one is 0 


ChatGPT said: 


© 


To write a regular expression (RE) for the set of binary strings that are at least three characters long 
and end with a `0`, we need to ensure that the string: 


1. Has at least three characters. 
2. Ends with a `0`. 


Regular Expression Explanation: 
e The first two characters can be any binary digits C 0` or^r`). 
e The rest of the string (if any) can also be any combination of `0` and `1`. 
e The string must end with a `0`. 

Regular Expression: 

The regular expression that matches this description is: 


SESS) 


(0|1)(0|1)(0|1)*0 


Breakdown: 


`(0]1)` matches either `0` or`r`. 
The first two ` (0|1)` ensure that the string has at least two characters. 


`(0]1)* matches any sequence of `o`s and `1`s, including the empty sequence. This allows for 
any number of additional characters in the string. 


`0` at the end ensures that the string ends with a `0`. 


Example Matches: 
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This regular expression correctly identifies binary strings that are at least three characters long and 


end with a `0`. 
You said: 


© 


Write regular expression for strings over {a,b,c} 
that are sorted alphabetically. 


ChatGPT said: 


© 


To write a regular expression for strings over the alphabet {a, b, c} that are sorted alphabetically, we 


need to ensure that: 


e Any ‘a characters come before any `b`ò characters. 

e Any `b` characters come before any `c`ò characters. 

e No `b` appears before an `a`, and no `c`ò appears before a “b>. 
Regular Expression: 
The regular expression that matches this description is: 


CSS 


a*b*c* 


Breakdown: 


e `a*`: Matches zero or more `a` characters. 


e `b*`: Matches zero or more `b` characters that follow any `a`ò characters. 
e *c**: Matches zero or more `c` characters that follow any `b` characters. 


Example Matches: 


e `D (the empty string, which is trivially sorted) 
e `a` 
e `b` 
ec 


e `aaabbbccc` 


e `abc` 
e `aabbb` 
e `bcc` 
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This regular expression correctly matches all strings over {a, b, c} that are sorted alphabetically. 


You said: 


© 


create NFA to DFA conversion that checks divisibility with 3,5,7 


ChatGPT said: 


© 


To convert a Non-deterministic Finite Automaton (NFA) to a Deterministic Finite Automaton (DFA) for 
checking divisibility by 3, 5, and 7, we'll break down the problem into two main steps: 


1. Understanding the Problem: 


e We need to create a DFA that checks whether a binary number is divisible by 3, 5, and 7. 


e The DFA needs to track the remainders when the binary string (interpreted as a binary number) 
is divided by 3, 5, and 7 simultaneously. 


e The DFA will have a state for every possible combination of remainders. 
2. Steps to Create the DFA: 


Step 1: Define the States 


e We need to define states that track the remainders when the binary number is divided by 3, 5, 
and 7. 


e Let's define a state as a tuple (r3, r5, 77), where: 
o r3 is the remainder when divided by 3. 
o 15 is the remainder when divided by 5. 
o 17 is the remainder when divided by 7. 


e Each remainder can be one of 0, 1, 2 for mod 3, one of 0, 1, 2, 3, 4 for mod 5, and one of 
0, 1, 2, 3, 4, 5, 6 for mod 7. 
e Therefore, the DFA will have 3 x 5 x 7 = 105 states. 


Step 2: Define the Transitions 


e Each state transition corresponds to reading a `0®` or “1° (next binary digit) and updating the 
remainders. 


e When a binary digit d € {0, 1} is read, update the remainders as follows: 
r, =(2-rn+d) modn 


For instance, if you're in state (r3, 75,77) and read a `0` or `1`, the new state (r3, 75, r7) would 
be: 
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Step 3: Define the Start and Accept States 


e Start State: The DFA starts in the state (0, 0, 0) because before reading any digits, the 
remainder is zero for all three moduli. 


e Accept State: The DFA should accept if the final state is (0, 0,0), meaning the number is 
divisible by 3, 5, and 7 simultaneously. 


3. General Description of the DFA: 


e States: (73,175,177) where rs € {0,1,2}, r5 € {0,1,2,3,4}, and r7 € {0,1, 2,3, 4,5, 6}. 

e Alphabet: {0, 1} 

e Start State: (0, 0,0) 

e Accept State: (0, 0,0) 

e Transitions: For each digit d € {0, 1}, the DFA transitions from (r3, T5, r7) to (r3, rg, 77) using 
the formulas described above. 


4. Example Transition: 
Suppose you're in state (1, 4,6) and read a “1°: 


e Newstate r} =(2x1+1) mod3=3 mod 3=0 
e Newstate r; =(2x4+1) mod5=9 mod5=4 
e Newstate r; =(2x6+1) mod 7 = 13 mod 7 = 6 


So, reading `1` moves the DFA to the new state (0, 4, 6). 
5. Conclusion: 


While implementing or drawing this DFA might be complex due to the large number of states (105), it 
can be systematically constructed using the principles outlined above. This DFA will correctly 
determine whether a binary number is divisible by 3, 5, and 7. 


You said: 


© 


draw the DFA and NFAs 


ChatGPT said: 


© 


Drawing the full DFA and NFA for checking divisibility by 3, 5, and 7 would result in an extremely 


complex diagram due to the large number of states involved—105 states for the DFA and potentially 
even more states if NFAs are combined. 


However, I can guide you on how to approach creating these automata and provide a simplified 
version for understanding. Let's break this down: 


1. NFA Construction (Simplified) 
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The NFA for divisibility by 3, 5, and 7 would typically consist of three separate NFAs, one for each 
modulus. Each NFA can be designed to track remainders modulo 3, 5, and 7. These three NFAs would 
then be combined using a cross-product approach to create a composite NFA that accepts strings 
divisible by 3, 5, and 7. 


Simplified Example: NFA for Divisibility by 3 (with binary input) 


States: {q0, q1, q2} 
Alphabet: {0, 1} 


e Start State: qo 
e Accept State: qo (where remainder is 0) 
e Transitions: 


ie) 


(e) 


(0) 


O 


fe) 


©) 


qo me Qo (if remainder is 0, and 0 is read, remainder stays 0) 
do = qı (if remainder is 0, and 1 is read, new remainder is 1) 
qı aint q2 (remainder 1, reading 0 results in remainder 2) 

qı a qo (remainder 1, reading 1 results in remainder 0) 

q2 = qi (remainder 2, reading 0 results in remainder 1) 


1 
q2 —> Q2 (remainder 2, reading 1 results in remainder 2) 


This NFA accepts binary strings divisible by 3. 


2. DFA Construction 


Approach: 


1. States: Each state in the DFA will be a tuple (r3, 75, r7) representing the remainder when divided 
by 3, 5, and 7. 

2. Transitions: For each input bit (*®* or `1`), update the remainders modulo 3, 5, and 7 according 
to the formulas discussed earlier. 

3. Start State: (0, 0, 0) 

4. Accept State: (0, 0, 0) 


Simplified Example: DFA for Divisibility by 3 


States: {(0), (1), (2)} where each state represents the current remainder when dividing by 3. 


e Alphabet: {0, 1} 
e Start State: (0) 


Accept State: (0) 


e Transitions: 


fe) 


(0) 


From state (0): 


From state o 
= (2) — (1) 
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= (2) => (2) 


This DFA accepts binary strings divisible by 3. 
3. Visualizing the Full DFA 
For divisibility by 3, 5, and 7: 


e States: There are 105 states, each representing a triple (73, 75, r7). 


e Transitions: Every state has two outgoing transitions for input bits `0` and `1`, leading to a new 
state based on the updated remainders. 


Drawing the Full DFA or NFA: 


e Due to the high number of states, drawing the full DFA manually would be impractical. Instead, 
such DFAs are typically represented algorithmically or through tables in computational theory. 


The concepts, however, are applicable for smaller examples (like divisibility by a single number, 
as shown). 


Conclusion: 


e For educational or implementation purposes, tools like graphing software, state diagram 


drawing tools, or programmatic algorithms in Python or another language are typically used to 
generate and visualize such large automata. 


e If you still want to see the smaller examples in diagram form, I can generate those or guide you 
on using specific software for visualization. 


You said: 


© 


do same for 5,7 


ChatGPT said: 


© 


Certainly! Let's break down the construction of the NFAs and DFA for checking divisibility by 5 and 7 


with binary input. We'll start by constructing the individual NFAs and then explain how the DFA would 
work. 


1. NFA for Divisibility by 5 (Binary Input) 


States: 


e There are 5 states, one for each possible remainder when dividing by 5: qo, q1, G2; 93, q4- 


Transitions: 
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e For a binary string, when reading a `0` or “1°, the next state is determined by the current 
remainder and the new input bit. 


Transition Rules: 


e qo a qo (remainder 0, adding 0 keeps it 0) 

e qo n qı (remainder 0, adding 1 changes it to 1) 

e qı e qə (remainder 1, adding 0 changes it to 2) 

° qı an q3 (remainder 1, adding 1 changes it to 3) 

e Q a q4 (remainder 2, adding 0 changes it to 4) 

e Q2 = qo (remainder 2, adding 1 wraps it back to 0) 
e q3 2 qı (remainder 3, adding 0 changes it to 1) 

e Q3 = qə (remainder 3, adding 1 changes it to 2) 

° q L q3 (remainder 4, adding 0 changes it to 3) 

e q4 ae q4 (remainder 4, adding 1 keeps it 4) 


Start State: 
e qo (where remainder is 0 before reading any input) 
Accept State: 
e qo (indicating divisibility by 5) 
2. NFA for Divisibility by 7 (Binary Input) 
States: 
e There are 7 states, one for each possible remainder when dividing by 7: go, q1, G25 43, q4, 955 q6- 
Transitions: 


e Similar to the NFA for divisibility by 5, each transition depends on the current remainder and the 
input bit. 


Transition Rules: 


e qo 2 qo (remainder 0, adding 0 keeps it 0) 

e qo a qı (remainder 0, adding 1 changes it to 1) 

e qi z q2 (remainder 1, adding 0 changes it to 2) 

e qi = q3 (remainder 1, adding 1 changes it to 3) 

e Q Le q4 (remainder 2, adding 0 changes it to 4) 

e q2 E q5 (remainder 2, adding 1 changes it to 5) 

° Q3 an de (remainder 3, adding 0 changes it to 6) 

° q3 = qo (remainder 3, adding 1 wraps it back to 0) 
e q4 a qı (remainder 4, adding 0 changes it to 1) 
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1 
© q4 — Qq (remainder 4, adding 1 changes it to 2) 
e 45 a q3 (remainder 5, adding 0 changes it to 3) 
e Q; = q4 (remainder 5, adding 1 changes it to 4) 
° 46 2 Qs (remainder 6, adding 0 changes it to 5) 
° q6 ak Qe (remainder 6, adding 1 keeps it 6) 


Start State: 

e qo (where remainder is 0 before reading any input) 
Accept State: 

e qo (indicating divisibility by 7) 
3. DFA for Divisibility by Both 5 and 7 (Binary Input) 


To create a DFA that checks divisibility by both 5 and 7 simultaneously, you would need to take the 
cross product of the NFAs for 5 and 7. This results in a DFA where each state is a tuple (15, r7) 
representing the remainders modulo 5 and 7, respectively. 


States: 


e The DFA will have 5 x 7 = 35 states, one for each pair (75,17) where rs € {0, 1, 2,3, 4} and 
eal PLR ee Gaia 


Transitions: 


e For each input bit d € {0, 1}, the new state (rs, r+) is determined by: 
r; = (2-r5 +d) mod 5 
r, =(2-r7+d) mod7 


This means for every pair (15,77) and each bit d, you'll compute the next state using these 
formulas. 


Start State: 

e (0,0) (indicating that the remainder is 0 for both 5 and 7 before reading any input) 
Accept State: 

e (0,0) (indicating that the binary number is divisible by both 5 and 7) 


Visualizing the DFA: 


Given the 35 states, creating a full diagram of the DFA can be quite complex. Instead, one could 
represent the DFA's state transitions in a table or algorithmically: 


e State: (75,17) 
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e Transitions for each bit ‘0° or `1`: Update both remainders using the formulas above and move 
to the corresponding state. 


Example State Transition: 


Let's consider the state (2, 3) and reading a “1°: 


= (2x21) mod5—5 mod 5=0 


Ts 
er, = (2x 341) mod. —7 mod (— 0 


So, reading 1° moves the DFA from state (2, 3) to state (0, 0). 


Conclusion: 


While the full DFA or NFA diagram might be difficult to draw due to the number of states involved, the 
approach is clear: construct separate automata for 5 and 7, then combine them using the cross- 
product approach to create a DFA for checking divisibility by both 5 and 7. 

If you want to visualize or implement such automata, tools like graphing software, state machine 
simulators, or programming in Python can be used to handle this complexity. 


You said: 


© 


Design a Finite State Automaton that takes "a" 
and "b" as input and accepts strings that contain 
"aab". Draw the state transition diagram 


ChatGPT said: 


© 


To design a Finite State Automaton (FSA) that accepts strings containing the substring `"aab"`, we 
need to follow these steps: 


Steps to Create the FSA: 


1. Identify States: 


o Each state represents how much of the substring `"aab"` has been matched so far. 
2. Define Transitions: 


o The transitions between states will depend on whether the next input character helps 
match the substring `"aab"`. 


3. Acceptance Condition: 


o The FSA should accept if it reaches the final state after recognizing the complete substring 
*"aab". 


States: 


e State 0 (q0): Initial state. No characters of *"aab"* have been matched yet. 
e State 1 (q1): `"a" has been matched. 
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e State 2 (q2): `"aa"` has been matched. 


e State 3 (q3): `"aab"` has been matched. This is the accept state. 
Transitions: 


e From q0: 
o On input `"a"`, move to q1. 
o On input `"b"`, stay in q0 (since the substring `"aab"` cannot start with `"b'"). 
e From q1: 
o On input `"a"`, move to q2. 
o On input `"b"`, stay in q0 (since `"b"` doesn't help in matching `"aab"` at this stage). 


e From q2: 
o On input `"a", stay in q2 (since matching an extra *"a"* might still lead to a valid 
substring). 
o On input *"b"*, move to q3 (completing the substring `"aab"`). 
e From q3: 


o Stay in q3 regardless of the input ( "a" or `"b"), because once the substring `"aab"` is 
matched, any additional characters don't affect the acceptance of the string. 


State Transition Diagram: 


Here's a visual representation of the state transition diagram: 


CSS 


+---+ a +---+ a +---+ b +---+ 
--> | q9 | ---> | ql | ---> | q2 | ---> | 43| 
+---+ +---+ +---+ +---+ 
| | | 

b| b| al aļb 

| | | | 

v v v | 
+---+ +---+ +---+ +---+ 
| q@ | <----| q9 | <----| q2 | <----| a3 | 
+---+ +---+ +---+ +---+ 

Explanation: 


e q0: Start state, where no characters have been matched. It loops on `"b" and moves to q1 on 
Enan 

e q1: One `"a"ò has been matched. It moves to q2 on another *"a"* and resets to q0 on `"b"`. 

e q2: The substring `"aa"` has been matched. It completes the substring with `"b"` to reach q3, 
and stays on `"a"` since more `"a"` could lead to another match. 

e q3: The substring `"aab"` has been matched. The FSA accepts any further input. 


Conclusion: 


This FSA correctly accepts any string containing the substring `"aab"`. The state transition diagram 
reflects all possible scenarios for matching this substring. 


You said: 


© 
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State the pumping lemma for context free 
grammar. 

State whether the following statement is true or 
false: 

The language {ww\w E {a,b)+) is accepted 

by a deterministic Turing machine. 


ChatGPT said: 


© 


Pumping Lemma for Context-Free Grammars 


The Pumping Lemma for Context-Free Languages is a property used to prove that certain 
languages are not context-free. It states the following: 

For any context-free language L, there exists a constant p > 0 (called the pumping length) such that 
any string s in L with |s| > pcan be decomposed into five parts s = uvwgy satisfying the following 
conditions: 


1. vwz is a substring of length at most p: |vwz| < p. 
2. Non-empty repetition parts v and z: |vz| > 0. 
3. Pumping condition: For any i > 0, the string uv'w2'y is also in L. 


This lemma is particularly useful for proving that a given language is not context-free by showing that 
no such decomposition exists for certain strings in the language. 


True/False Statement 


Statement: The language {ww | w € {a,b}*} is accepted by a deterministic Turing machine. 
Answer: True. 

Explanation: The language {ww | w € {a,b}*}, where the string consists of any non-empty string 
w followed by itself, is accepted by a deterministic Turing machine. A deterministic Turing machine 
can recognize this language by following these steps: 


1. First Pass: The machine can traverse the input string and mark corresponding symbols from 
both halves w and w, ensuring they match. 


2. Verification: The Turing machine can then confirm that the first half of the string is indeed equal 
to the second half. 


Since deterministic Turing machines are capable of more complex computations than finite automata 
or pushdown automata, they can handle this matching process, making the language {ww | w € 
{a, b}*} a deterministic Turing machine recognizable language. 


You said: 


© 
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Construct a DFA for the language 
over { a, b} where the number of a's is divisible 
by 2 and the number of b's is divisible by 3. 


ChatGPT said: 


© 


To construct a Deterministic Finite Automaton (DFA) for the language over {a, b} where the number 


of `a`s is divisible by 2 and the number of `b`s is divisible by 3, we need to track the remainders of the 
counts of `aò`s modulo 2 and *b*s modulo 3 simultaneously. 


Steps to Construct the DFA: 


1. Define the States: 
o We need states that represent all possible combinations of remainders when dividing the 
number of `a`s by 2 and the number of `b`s by 3. 
o For modulo 2 (for `a`s), we have 2 possible remainders: 0 and 1. 
o For modulo 3 (for `b`s), we have 3 possible remainders: 0, 1, and 2. 
o Therefore, the DFA will have 2 x 3 = 6 states. 


2. State Representation: 
o Each state is represented as (Ta, Tb), where ra is the remainder when the number of `a`s is 
divided by 2, and r, is the remainder when the number of `b`s is divided by 3. 
3. Transitions: 
o When reading an `a`, the remainder for `a`s will be updated according to modulo 2. 
o When reading a `b`, the remainder for `b`s will be updated according to modulo 3. 
4. Start and Accept States: 
o Start State: (0, 0) (representing zero `a`s and zero `b`s, both divisible by their respective 
moduli). 


o Accept State: (0, 0) (representing that both the number of `a`s is divisible by 2 and the 
number of `b`s is divisible by 3). 


Constructing the DFA: 
States: 


: Number of ` 
: Number of ` 


(0, 0) a`s is divisible by 2, number of `b`s is divisible by 3. 

(0, 1) a`s is divisible by 2, number of `b`s gives remainder 1 when divided by 3. 
e (0,2): Number of `a`s is divisible by 2, number of `b`s gives remainder 2 when divided by 3. 

(1, 0) a 

(1,1 a 


5) 


’ 


: Number of `a`s gives remainder 1 when divided by 2, number of `b`s is divisible by 3. 
, 1): Number of `a`s gives remainder 1 when divided by 2, number of `b`òs gives remainder 1 
when divided by 3. 


(1, 2): Number of `a`s gives remainder 1 when divided by 2, number of `b`s gives remainder 2 
when divided by 3. 


? 


Transitions: 
e From (0,0): 
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o On`a`: Move to (1,0) 
o On `b`: Move to (0, 1) 

e From (0, 1): 
o On`a`: Move to (1, 1) 
o On `b`: Move to (0, 2) 

e From (0, 2): 
o On`a`: Move to (1, 2) 
o On`b`: Move to (0, 0) 

e From (1,0): 
o On`a`: Move to (0, 0) 
o On `b`: Move to (1, 1) 

e From (1,1): 
o On`a`: Move to (0, 1) 
o On `b`: Move to (1, 2) 

e From (1, 2): 
o On`a`: Move to (0, 2) 
o On`b`: Move to (1, 0) 


State Transition Diagram: 


Here's a visual representation of the DFA: 


css 
a 
+--------- + 
| | 
+----V----+ b | +----V----+ 
| (0,0) l = || (pd) 
+----+----+ +----+----+ a 
| | | 
| | | 
| | | 
b a b 
| | | 
+----V----+ +----V----+ 
| (0,2) |< | (0,1) | 
+----+----+ +----+----+ 
| | | 
| | | 
a b a 
| | | 
+----V----+ +----V----+ 
| (1,2) | = || (0) | 
+----+----+ +----+----+ 
| | 
| | 
a b 
| 
+----V----+ 
ECD] 
+----+----+ 
Explanation: 


e Start State: (0, 0) - both counts are zero, which are divisible by their respective moduli. 
e Transitions: Track the changes in remainders for `aò (modulo 2) and ~b* (modulo 3). 
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e Accept State: (0, 0) - this state is reached when both conditions (number of `a`s divisible by 2 
and number of `b`s divisible by 3) are satisfied. 


This DFA correctly recognizes strings over {a, b} where the number of `a`s is divisible by 2 and the 
number of `b`s is divisible by 3. 


You said: 


© 


Construct a DFA for the language over { 0, 1} 
where every accepted string contains 0001 . 


ChatGPT said: 


© 


To construct a Deterministic Finite Automaton (DFA) for the language over {0, 1} where every 
accepted string contains the substring `"0001"`, follow these steps: 


Steps to Construct the DFA: 


1. Define the States: 
o We need states that track the progress of matching the substring `"0001". 
o We will have states representing the progress of matching the prefix of ` "0001". 
2. State Representation: 
o State 0: Initial state, no part of `"0001"` has been matched yet. 
State 1: Matched *"e">. 
State 2: Matched *"00"~. 
State 3: Matched ~"000"*. 
State 4: Matched `"0001"`. This is the accept state. 
3. Transitions: 


© © © © 


o For each state, define transitions based on the input symbols `0` and `1` to represent 
progress towards the substring `"0001"`. 
4. Start and Accept States: 


o Start State: `0` (where no characters of `"0001"` have been matched). 
o Accept State: `4` (where the entire substring `"0001"` has been matched). 


Constructing the DFA: 


States: 


State 0: Initial state. 

State 1: Matched *"0">. 

State 2: Matched *"00">. 

State 3: Matched *"000">. 

State 4: Matched `"0001"` (accepting state). 


Transitions: 
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From State 0: 
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o On input `0`: Move to State 1 (start matching *"0">). 

o On input *1*: Stay in State 0 (since `1` doesn't help to start matching *"e001"*). 
From State 1: 

o On input `0`: Move to State 2 (match ~"00"*). 

o On input `1`: Move to State 0 (reset, since the string doesn't match *"0001"*). 
From State 2: 

o On input `0`: Move to State 3 (match *"000"*). 

o On input `1`: Move to State 0 (reset, since the string doesn't match *"0001"*). 
From State 3: 

o On input **: Stay in State 3 (continue matching ~"000"*). 


o On input `1`: Move to State 4 (match *"0001"*). 

From State 4 (Accept State): 
o On input `0`: Stay in State 4 (continue to accept the substring ~"0001""). 
o On input `1`: Stay in State 4 (continue to accept the substring `"0001"`). 


State Transition Diagram: 


Here's a visual representation of the DFA: 


lua 
0 
+-------- + 
| | 
v | 
+----+ O +----+ 
ea eee [el el 
+----+ +----+ 
| | 
| 1 | 1 
Vv Vv 
+----+ ----+ 
Io | Io | 
+----+ +----+ 
| | 
| 0,1 | 0,1 
v Vv 
+----+ +----+ 
| o | | 0 | 
+----+ +----+ 
Explanation: 
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O +----+ O +----+ 
eben e 
+----+ +----+ 
| | 
i | © 
v v 
+----+ +----+ 
|O | [ae | 
+----+ +----+ 
| | 
| Opa | Opi 
v v 
+----+ +----+ 
|o | ay | 


State 0: The starting state. If `0` is encountered, move to State 1. If `1` is encountered, stay in 


State 0. 

State 1: Matches ` 
State 0. 

State 2: Matches ` 
State 0. 

State 3: Matches ` 
State 4. 

State 4: Matches ` 
input. 


"0"`, If `0` is encountered, move to State 2. If `1` is encountered, reset to 
"90". If `0` is encountered, move to State 3. If `1` is encountered, reset to 
"000"`. If `0` is encountered, stay in State 3. If `1` is encountered, move to 


"0001". This is the accept state. It remains in State 4 regardless of further 
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This DFA accepts any string over {0, 1} that contains the substring `"0001">. 


You said: 


© 


Design an CFG for the set of all non palindromes 
over { a,b} . Assume that E is not in 
the language. 


ChatGPT said: 


© 


To design a Context-Free Grammar (CFG) for the set of all non-palindromes over {a, b} where the 
empty string € is not included, we can use the fact that a palindrome reads the same forwards and 
backwards, and non-palindromes do not. 

Here is a CFG that generates all non-palindromes over {a, b}: 


CFG for Non-Palindromes 


The CFG should generate strings that are not palindromes. To achieve this, we will use the following 
approach: 


1. Generate Palindromes: We need to understand that non-palindromes are strings that do not 


match the palindrome property, i.e., strings that cannot be read the same way forwards and 
backwards. 


2. Use Complementation: We can design a CFG that indirectly generates non-palindromes by 
creating rules that produce strings where the palindrome condition fails. 


Here's a CFG that generates non-palindromes over {a, b}: 
Grammar Definition: 


Non-palindromes CFG: 
e Non-Palindrome Generation Rules: 


1. Grammar Variables: 
o §: Start symbol 
o A: Generates strings of length greater than 1 with mismatched ends 
o B: Generates strings of different lengths 
2. Production Rules: 
o S — AB 
o S — BA 
o A —> aAa | bAb | aB | bB 
o B-+>aB|bBlal|b 
3. Start Symbol: 
o § 
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Explanation of Production Rules: 


e S — AB | BA: This rule allows for a non-palindrome to be generated by combining strings that 
do not necessarily have to be palindromes. 

e A — aAa | bAb | aB | bB: This rule is used to generate strings where the characters at the 
ends do not match, ensuring that the string is not a palindrome. It starts with a pair of matching 
characters (`aAa`ò or `bAb`) and appends or prepends other non-palindromic strings. 

e B — aB | bB |a | b: This rule generates strings of various lengths, ensuring that at least one 
of these strings cannot be matched to form a palindrome. 


Example Derivations: 


1. To generate a non-palindrome like *"ab"*, use the following derivation: 


css 


AB 
aB 
a(b) 
ab 


buses 


2. To generate a non-palindrome like *"aab"*, use the following derivation: 


css 


S > AB 
> aAa 
> a(aB)a 
> a(a(b))a 
> aab 
Summary: 


The CFG provided generates non-palindromes by creating rules that inherently produce strings failing 
the palindrome property. By combining and ensuring that some productions cannot match the 
palindrome properties, we indirectly ensure that non-palindromes are generated. 

This CFG does not generate the empty string e€, as € is specifically excluded from the language by the 
rules. 


You said: 


© 


18. Following are the production rules of a CFG 
S-> AaBbCc 

A->a B->b 

C->c 

Rewrite the grammar in CNF. 
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ChatGPT said: 


© 


To convert the given CFG to Chomsky Normal Form (CNF), we need to follow specific steps. In CNF, 
every production rule must be of the form: 


1. A — BC (where A, B, and C are non-terminals, and B and C are not the start symbol) 
2. A > a (where a is a terminal) 
3. A — € (only if the language includes the empty string, which is not the case here) 


Given grammar: 


1.5 — AaBbCc 
2,.A->a 
3.B =b 
4.C >c 


Steps to Convert the CFG to CNF: 
1. Eliminate Terminals from Rules with More than Two Symbols 


The rule S — AaBbCc contains terminals mixed with non-terminals. We need to introduce new non- 
terminals for each terminal to handle this. 
Let's introduce new non-terminals for terminals: 


e X, for terminal a 
e X, for terminal b 
e X. for terminal c 


Add new rules: 


e Xa >a 
e Xy —>b 
e Xe>c 


Update the grammar by substituting terminals with their corresponding non-terminals: 
© S —> X,BX,CX, 
2. Introduce New Non-terminals for Long Productions 


The rule S + Xa BX C X, is not in CNF because it has more than two symbols on the right-hand 
side. We need to break it down. 
Introduce new non-terminals: 


sA r AA., 
e Xo for X,X1 


Update the grammar: 
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2 S =; XX 
e Xo > Xa Xı 
O AXi S 2G 


3. Ensure All Rules Are in Proper CNF Form 


Now check that all the rules are in CNF. We have: 


1.5 > Xə Xe 
2. Xə > Xa Xı 
AEA 
4. Xa >a 

5. Xp} >b 

6. Xe >c 


All these rules conform to the CNF format: 


e Rules of the form A —> BC (e.g., S > X2Xc, X2 > XaXı, X1 > XXe) 
e Rules of the form A —> a (e.g., Xa > a, Xp > b, Xe > ©) 


Final CNF Grammar: 


1.55 XoX¢ 
2. Xə > X,X1 
3. X1 > XXe 
4. Xa >a 
5.X, >b 

6. Xe >c 


This is the CFG converted to Chomsky Normal Form. 


ChatGPT can make mistakes. Check important info. 
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